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ABSTRACT 



In an ATM transmission system in which a plurality of ATM 
cells are grouped to a packet with an end of ATM cell having 
an EOP (End Of Packet) flag, a transmitting station com- 
prises a transmit buffer for storing temporarily ATM cells to 
be transmitted, a transmit cell process means which discards 
all the ATM cells in the group in case that a NAK response 
indicating loss or wrong reception of an ATM cell is received 
from a receiving station, and an EOP cell generator for 
transmitting an EOP cell which has said EOP flag in stead of 
the discarded ATM cells. As no ATM cell in a packet is 
transmitted after an erroneous ATM cell is detected, no 
useless ATM cell which would be discarded in a destination 
terminal equipment because of an erroneous ATM cell 
occupies a transmission line when an erroneous ATM cell is 
detected, and traffic is saved. 

5 Claims, 15 Drawing Sheets 
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Fig. 1 
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Fig. 4 




12/08/2003, EAST version: 1.4.1 



U.S. Patent Jan. 28, 2003 Sheet 5 of 15 US 6,512,747 Bl 



Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 12 prior art 
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Fig. 13 pRI0R ART 
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Fig. 14 prior art 
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ATM TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an ATM (Asynchronous 
Transfer mode) transmission system for transmitting an 
ATM cell through a radio channel or a wired channel, in 
particular, relates to such a system which uses a communi- 
cation channel with high efficiency and suppresses useless 
traffic. 

In an ATM transmission system, a data is transmitted by 
using an ATM cell which has a fixed length of data. An ATM 
cell has generally 53 bytes data including a cell header 
having 5 bytes followed by an information field having 48 
bytes, as shown in FIG. 5. 

Since an ATM cell has fixed length, high speed data 
transmission is possible by repetition of relatively simple 
process. 

In an ATM transmission system, an ATM cell is repeated 
by a node which is called an ATM switch so that the ATM 
cell is transmitted from a source terminal equipment to a 
destination terminal equipment. Assuming that an ATM 
switch has the function to discard a wrong ATM cell (as 
shown in Japanese patent laid open publication 163141/ 
1996), when there is something wrong in an ATM cell, such 
as a queue of an ATM cell and/or overflow of a buffer 
memory, a useless traffic may be suppressed for a transmis- 
sion line at an output side of the ATM switch, however, no 
transmission is suppressed in a transmission line at an input 
side of the ATM switch. 

Further, in a prior art, the discard of an ATM cell is 
triggered by a long queue of an ATM cell in an ATM switch 
and an overflow of a buffer memory, but not by a transmis- 
sion error of an ATM cell. A transmission error occurs with 
high probability in case of a wireless transmission line. 

FIG. 11 shows a basic system structure of a wireless ATM 
system. In FIG. 11, the numeral 11 shows a base station, 12, 
13 and 14 are a radio module, 15, 16 and 17 are a terminal 
equipment, and 18 shows a network. 

In FIG. 11, the base station U is coupled with radio 
modules 12-14 through a wireless channel. Each of radio 
modules 12-14 is connected to a related terminal equipment 
15-17. Further, the base station 11 is coupled with the 
network 18 through an optical fiber, or a metal cable. 

The terminal equipment 15-17 and the network 18 carry 
out transmission and reception of data by using an ATM cell, 
which is the minimum unit of data to be transmitted. 

FIG. 12 shows a protocol stack concerning a user plane (U 
plane) of a wireless ATM system of FIG. 11. The base station 
11 is coupled with the network 18 through a node 19. 

As shown in FIG. 12, the protocol of the terminal equip- 
ment 15-17 comprises a physical layer (PHY), an ATM 
layer (ATM), an ATM adaptation layer (AAL), and an 
application layer (AP). Each of the radio modules 12-14 and 
the base station 11 has the protocol comprising a physical 
layer (PHY), an ATM layer (ATM), a wireless layer 
(Wireless), a data link layer (DLC), and a media access 
control layer (MAC). The node 19 has a physical layer 
(PHY) and an ATM layer (ATM). 

As for a U plane of the base station 11 and the radio 
modules 12-14, a layer higher than an ATM adaptation layer 
(AAL) is not terminated. The terminal equipment 15-17 are 
seamlessly coupled with the node 19 in the network 18 
through the ATM layer (ATM). In a wireless channel 
between the base station 11 and the radio modules 12-14, a 
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plurality of virtual paths (VP) and virtual channels (VC) 
which are a logical link of an ATM layer may exist. 

FIG. 13 shows a flow of an ATM cell C1-C8 when a 
terminal equipment 15 transmits a network 18 a data, in a 

5 wireless ATM system in FIG. 11. In the embodiment of FIG. 
13, a radio module 12 is a transmitter, a base station 11 is a 
receiver, and the terminal 15 is sending an ATM cell. 

As shown in FIG. 13, it is assumed that the terminal 15 
sends ATM cells CI through C8 sequentially to the radio 

30 module 12, and that the second ATM cell C2 is erroneous in 
the wireless section between the radio module 12 and the 
base station 11, so that the base station 11 receives the first 
ATM cell CI and the ATM cells C3 through C8. Then, the 
base station 11 sends the first ATM cell CI and the cells C3 

15 through C8 to the network 18. 

A base station 11 and a radio module 12 have a transmit- 
ting station and a receiving station as shown in FIG. 14. A 
transmitting station comprises an input means for accepting 

M an ATM cell, a transmit buffer, and a transmit means. The 
transmit buffer stores temporarily an ATM cell which is in 
the queue for transmission. A receiving station comprises a 
receive means, a receive buffer, and an output means. An 
ATM cell received by the receive means is stored tempo - 
rarily in the receive buffer. An ATM cell is read out of the 
receive buffer when requested, and is transmitted through 
the output means. 

FIG. 15 shows the transfer sequence of the ATM cells CI 
through C8 in the wireless section in case of FIG. 13. In FIG. 

3 0 15, a TDMA (Time Division Multiple Access) system is 
used in wireless data communication between a radio mod- 
ule 12 and a base station 11, and each TDMA frame includes 
three ATM cells. 

In FIG. 15, when cells in a first TDMA frame are 

35 transmitted, a first through third ATM cells C1-C3 are 
transmitted. It is assumed that a second ATM cell C2 is 
erroneous in a wireless section. Therefore, the base station 
11 receives only the first ATM cell CI and the third ATM cell 
C3. 

40 When the ATM cell in the first TDMA frame has been 
transmitted, the radio module 12 has five ATM cells C4, C5, 
C6, C7 and C8 in the transmit buffer. The fourth through 
sixth ATM cells C4-C6 are transmitted when the cells in the 
second TDMA frame is transmitted. Then, the base station 

45 11 has five ATM cells CI, C3, C4, C5 and C6 in the receive 
buffer. 

When the ATM cells in the second TDMA frame has been 
transmitted, the radio module 12 has two ATM cells C7 and 
C8 in the transmit buffer. Those two cells C7 and C8 are 
50 transmitted when the ATM cells in the third TDMA frame 
are transmitted. 

As a result, the base station 11 receives seven ATM cells 
CI, C3, C4, C5, C6, C7 and C8, Then, the base station 
transmits the network 18 seven ATM cells CI, C3, C4, C5, 
55 C6, C7 and C8. 

By the way, the recent network which uses an ATM 
communication system, can provide a variety of services. 
And, for instance, it is requested that a user terminal is 
60 seamlessly coupled with an ATM network including wireless 
means, in other words, it is requested that a user terminal is 
coupled with a network only through an ATM layer. 

However, it should be noted that an ATM cell is erroneous 
with relatively high probability in a wireless communication 
65 section. 

In a data communication service which uses an ATM 
system, a TCP/IP protocol is used in a higher layer. The 
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communication using the TCP/IP protocol is implemented header, said flag indicating that the HOP cell is a final cell in 

for instance by a standardized specification (IP over ATM; the protocol data unit of the group, when said group data 

RFC 1483). fn this case, AAL type 5 is used as an ATM discard means discards the ATM cell in said transmit buffer; 

adaptation layer (AAL). an ATM cell discard means for discarding an ATM cell 

In a data communication system using the AAL type 5 as 5 which belongs to the discarded group, and arrives after 

the ATM adaptation layer, the size of a packet in a higher discard. 

layer is generally larger than the data size (48 bytes) of an Preferably, said transmitting station further comprises 

information field of an ATM cell, therefore, a packet in a means for attaching sequence number to each ATM celt to be 

higher layer is segmented to a plurality of ATM cells for transmitted, and said error detection means in said receiving 

transmission. 10 station detects whether a cell is received or lost by checking 

If an ATM cell or a plurality of ATM cells are in error in a sequence number of a received ATM cell, 

transmission, and an error correction by a destination ter- Preferably, a communication channel between a transmit- 

minal (forward error correction; FEC) can not recover a ting station and a receiving station includes a plurality of 

packet data, when a packet is transmitted in a plurality of virtual channels; each virtual channel transmits ATM cells 

ATM cells, then, a packet itself is in error, and it is dealt as 15 having different virtual path identifier and different virtual 

a useless packet. channel identifier; a transmitting station and a receiving 

When re-transmission is carried out in a higher layer, the station establish a logical transmission link for each virtual 

re-transmission of a whole packet must be carried out when channel of an ATM layer; and said group handling means - 

only one ATM ceil is erroneous. In this case, when a wireless handles transmission and reception of an ATM cell for each 

section exists in a network, the probability of a non-useful 20 established logical transmission link independently, 

packet might be relatively high, since the probability of an Preferably, a communication channel between a transmit- 

error of an ATM cell in a wireless section is high. ting station and a receiving station includes a plurality of 

As described above, when an erroneous ATM cell is virtual channels; each virtual channel transmits ATM cells 
included in a packet which has a plurality of ATM cells, a having different virtual path identifier and different virtual 
whole packet must be discarded as a non.useless packet. channel identifier; said receiving station comprises a 
Therefore, even correct ATM cells included in an erroneous sequence number informing means for informing sequence 
packet might be discarded. The transmission of correct ATM number of an ATM cell which is lost or wrongly received, 
cells which are to be discarded because of an erroneous ATM to said transmitting station; said transmitting station corn- 
cell in the packet decreases the traffic efficiency in a com- „ prises a table having relations between sequence number of 
munication line. ™ ^™ cel1 ^ a & 0U P which said A ™ ccl1 belongs, and 

a group identify means for identifying a group which a 

SUMMARY OF THE INVENTION wrongly received or lost ATM cell belongs, according to a 

It is an object of the present invention to provide a new sequence number informed by said receiving means and 

and improved ATM transmission system by overcoming the 35 coatcnt ot said tablc - ... . 

limitations and disadvantages of a prior ATM transmission According to the present invention, in case there is one 

tcm virtual channel, or a plurality of virtual channels, on a 

It is also an object of the present invention to provide an circu ^n ? an ^.^I ^ f P ? ° f * V?*"? 

ATM transmission system which suppresses useless traffic. unu (PDU) is consecutively applied toa tra^mitUng s ation 

The above and oiher objects are attained by an AIM 40 ±e trmm^«^n*c^.n AIM oeUwtoch would be 

J . . . useless, and discards the same, 
transmission system comprising a transmitting station, a 

receiving station, a communication channel between said BRIEF DESCRIPTION OF THE DRAWINGS 

stations for transmitting an ATM cell, data communication . . 

withaprotocoldataunit(PDU)havingapacketandaheader ™e foregoing and other objects, features, and attendant 

being carried out by using an ATM adaptation layer (AAL) 45 advantages of the present invention i will be W™*** as 

which can recognize an end of packet cell (EOP cell) in a *e «™ become ^tter understood by means of the follow- 

PDU by referring to a header in said EOP cell, and a plurality H description and accompanying drawings wherein; 

of ATM cells which form said protocol data unit being FIG. 1 is a block diagram of an ATM transmission system 

continuously applied to said transmitting station; wherein having a transmitting station 100 and a receiving station 200 

said receiving station comprises; an error detection means 50 installed in a base station 11 and a radio module 12, 

for detection whether an ATM cell is received correctly or FIG. 2 is a flow chart showing the operation of a trans- 

incorrectly or lost; a cell arrival informing means for inform- mitting station 100 and a receiving station 200 in FIG. 1, 

ing the transmitting station the result of said detection; said FIG. 3 shows sequence of transmission of an ATM cell 

transmitting station comprises; a transmit buffer for tempo- between a transmitting station 100 and a receiving station 

rarily storing an ATM cell to be transmitted; a group S5 200, 

handling means for handling a plurality of ATM cells which FIG 4 shows a flow 0 f an ^ f rom a terminal 15 

form a protocol data unit in a common convergence sublayer t0 a oode 19 in a w j re iess ATM transmission system, 

as one group; a receiving means of a said cell arrival piG 5 shows a fotmat of an ATM reUf 

information whether the ATM cell has been received cor- _ T _ ? # _ „ 

. - ... . . FIG. 6 is a block diagram of an ATM transmission system 

rectly or incorrectly or lost from an associated receiving 60 . ' ^ 7 

station; a group data discard means for discarding all the m another embodiment, 

ATM cells belonging to the group which includes an incor- 7 is a block diagram of an ATM transmission system 

rectly received or lost ATM cell stored in said transmit m stiu another embodiment, 

buffer, when said receiving means receives the information FIG. 8 is a block diagram of an ATM transmission system 

of an incorrectly received or lost ATM cell; an end of packet 65 in still another embodiment, 

cell (EOP cell) transmitting means for transmitting an EOP FIG. 9 shows structure of a logical link when a plurality 

cell which has a flag in a payload type field in an ATM cell of virtual channels exist, 



12/08/2003, EAST Version: 1.4.1 



US 6,512/747 Bl 



FIG. 10 shows a flow of ATM cells when ATM cells in a 
plurality of logical links are mixed and transmitted, 
FIG. 11 is a block diagram of a wireless ATM system, 
FIG. 12 shows a protocol stack in a wireless ATM system 
in FIG. 11, 

FIG. 13 shows an example of transmission of ATM cells, 
FIG. 14 is a block diagram of a prior ATM transmission 
system, and 

FIG. 15 shows an example of transmission of ATM cells 
in a prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments are exampled in case a transmission 
line is a wireless transmission line. Of course, it should be 
noted that the present invention is applicable not only to a 
wireless transmission line but also any other transmission 
line. 

First Embodiment 



10 



20 



First embodiment of the present invention is described in 
accordance with FIGS. 1-5. 

FIG. 1 is a block diagram of a transmitting station 100 and 
a receiving station 200, installed in a base station 11 and a 25 
radio module 12, in a wireless ATM system. 

FIG. 2 shows an operational flow of the transmitting 
station 100 and the receiving station 200 in FIG. 1. FIG. 3 
shows the sequence of transmission of an ATM cell in a 
transmitting station 100 and a receiving station 200. FIG. 4 30 
shows a flow of an ATM cell from a terminal 15 to a node 
19 in the present ATM system. FIG. 5 shows a format of an 
ATM cell. 

As shown in FIG. 4, the wireless ATM system according 
to the present invention comprises a base station 11, a radio 
module 12, a terminal 15, a network 18 and a node 19. In 
order to establish a wireless link between a base station 11 
and a radio module 12, each of the base station 11 and the 
radio module 12 has a transmitting station 100 and a 
receiving station 200. 

In FIG. 1, the transmitting station 100 comprises an input 
means 101, a transmit buffer 102, a transmitter 103, receiver 
104, a transmit cell management process 105, and a EOP cell 
(an End Of Packet cell) generator 106. The receiving station 
200 comprises a receiver 201, a receive buffer 202, an output 
means 203, a receive cell management process 204, and a 
transmitter 205. 

An ATM cell applied to the transmitting station 100 is 
stored temporarily in the transmit buffer 102 through the 
input means 101. The ATM cell stored in the transmit buffer 
102 is read out sequentially when requested, and is trans- 
mitted from the transmitter 103 towards the receiving station 
200 through a wireless link. In an actual embodiment, a slot 
in a TDMA frame is used to carry one or a plurality of ATM S5 
cells. 

An ATM cell received by the receiving station 200 in a 
base station 11 is temporarily stored in a receive buffer 202, 
then, it is read out when requested, and is forwarded to a 
node 19 through an output means 203. 

It is assumed that a type 5 of an ATM adaptation layer 
(AAL) is used to transmit a packet data, in the present 
wireless ATM transmission system. In the type 5 of the ATM 
adaptation layer, a data is processed by each protocol data 
unit (PDU), which has a packet data and a packet header. 

It is further assumed that size of a unit packet (PDU) 
processed in a higher layer is larger than size of an ATM cell. 



In this case, each packet is transmitted after segmented into 
a plurality of ATM cells. Therefore, a plurality of ATM cells 
are applied to the transmitting station 100 sequentially. 

It is one of the features of the present invention that when 
a plurality of ATM cells are applied to the transmitting 
station 100, the transmitting station detects useless ATM cell 
and discards the same. 

In a type 5 of an ATM adaptation layer (AAL), the 
transmitting station 100 refers to a field of payload type (PT) 
and a field of virtual path identifier (VPI) and a virtual 
channel identifier (VCI) in an ATM cell header, and handles 
a packet having a plurality of ATM cells which consist a 
common part convergence sub-layer protocol data unit 
(CPCS-PDU) (see FIG. 5). 

Therefore, the transmitting station 100 treats a plurality of 
ATM cells to as a group, and processes ATM cells by each 
packet (or group) which belongs to a higher layer, however, 
the higher layer is not terminated, in other words, an ATM 
cell is transmitted only through an ATM layer but not a 
higher layer. This means in a logical link (VPI, VCI) that a 
payload type (PT) field is used to detect an ATM cell located 
at a border of a packet or common part convergence sublayer 
protocal data unit (CPCS-PDU) in a type 5 of ATM adap- 
tation layer (AAL). 

In FIG. 1, the receive cell management process 204 in the 
receiving station 200 detects whether an ATM cell from the 
transmitting station 100 is successfully received or not. 
When it is successful, the receive cell management process 
204 forwards a positive response ACK which shows the 
successful reception to the transmitting station 100 through 
a transmitter 205. When it is failed, the receive cell man- 
agement process 204 forwards a negative response NAK 
which shows the fail to the transmitting station 100 through 
a transmitter 205. 

The receiver 104 in the transmitting station 100 receives 
a response ACK or NAK which the transmitter 205 in the 
receiving station 200 forwards, and is transferred to a 
transmit cell management process 105. 

The transmit cell management process 105 refers to a field 
of payload type (PT) and a field of virtual path identifier and 
a virtual channel identifier (VPI, VCI) in an ATM cell 
header, and handles a plurality of ATM cells which consist 
a packet (CPCS-PDU) as a group. 

When the transmit cell process 105 detects a failed ATM 
cell by the NAK from the receiver 104, all the ATM cells in 
the group (including untransmitted CPCS-PDU) including 
the failed ATM cell are discarded from the transmit buffer 
102. 

When the transmit cell management process 105 discards 
an ATM cell in the transmit buffer 102, an EOP (end of 
packet) cell generator 106 generates an EOP cell, which is 
transmitted to the receiving station 200 through the transmit 
buffer 102 and the transmitter 103. 

An EOP cell generated by the EOP cell generator 106 has 
the same identifiers (VPI, VCI) of a virtual link as that of the 
discarded ATM cell, and a bit (SDU type) is set to 1 (one) 
in a payload type (PT) field, in order to indicate that the EOP 
cell is the border or the final ATM cell in the packet. 

A destination terminal equipment of the packet can rec- 
ognize that all the ATM cells in a packet (CPCS-PDU) has 
completed, upon receipt of an EOP cell. 

FIG. 2 shows the operational flow of the transmitting 
65 station 100 and the receiving station 200. 

The transmit cell management process 105 in the trans- 
mitting station 100 groups (S10) a plurality of ATM cells of 
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a packet (CPCS-PDU) by referring each fields (PT, Vd, After the transmission of three cells CI through C3, 5 

VPI) in an ATM cell header, upon receipt of an ATM cell into cells C4 through C8 are kept in the transmit buffer 102. 

the transmit buffer 102 through the terminal 15 or node 18. When the second ATM cell C2 is erroneous in a wireless 

If an ATM cell belongs lo a group which has been link in the first TDMA frame, the receiving station 200 

discarded (S10A), the ATM cells which belong to the 5 detects the error, and sends the negative response NAK to 

discarded group are discarded (S10B). the transmitting station 100. 

When an ATM cell does not belong to a group which has The transmitting station 100 recognizes the error upon 

been discarded, the transmitting station 100 transmits an receipt of the response NAK from the receiving station 200. 

ATM cell by a TDMA frame according to an assigned radio Then, the transmitting station 100 discards the ATM cells C4 

resource to the receiving station 200 (Sll). 10 trough C8 kept in the transmit buffer 102 as a useless cell. 

Then, the transmitting station 100 receives the response Further, the transmitting station 100 generates an EOP cell 

ACK or NAK for the transmitted ATM cells from the CD, which is transmitted to the receiving station 200 m the 

receiving station 200 through a control wireless channel next TDMA frame. 

(S12). The EOP cell CD is an ATM cell which informs a 

When no NAK is received, that is to say, when the 15 destination receiver an end of a packet (PDU). It is supposed 

transmission of an ATM cell is successful, the transmit ceil a EOP cell CD has a bit (SDU type) set to 1 (one) in a 

management process 105 deletes transmitted ATM cells in P T field lD a ccl1 headcr - 

the transmit buffer 102 (S14). Alternatively, the transmit cell As a result, the destination receiver receives two ATM 

management process 105 may delete a transmitted ATM cell 2Q cells CI and C3, and an EOP cell CD m a packet (PDU). 

in the transmit buffer 102 immediately when an ATM cell It should be noted that a packet which includes a wrong 

has been transmitted, with no reception of response (ACK or ATM cell has less ATM cells in the present invention than a 

NAK) number of initially transmitted ATM cells. Therefore, the 

When there is an untransmitted ATM cell in the transmit traffic is decreased according to toe present invention as 

buffer 102, the control returns to the step Sll so that the M compared with the case that all the ATM cells CI through C8 

transmission of ATM cell is continued. When all the ATM were transmitted. 

cells in the transmit buffer 102 are transmitted, the transmit FIG. 4 shows a flow of an ATM cell when a packet (PDU) 

process finishes having 8 ATM cells (CI through C8) is transmitted from the 

When the transmitting station 100 receives the negative terminal 15 to the node 19. In FIG 4, an ATM cell is 

response NAKfor a transmitted ATM cell from the receiving 30 transmitted by using a transmitting station 100 installed in a 

station 200, the control proceeds to the step S16, and the radio module (RM) 12 and a receiving station 200 installed 

transmit cell management process 105 discards all the ATM m a base stall0D u 

cells belonging to the group including the failed ATM cell in When the second ATM cell C2 is m error m wireless link 

the transmit buffer between a radio module 12 and a base station 11, as is the 

In the step S17,' an EOP cell generated by the EOP cell 35 case of FIG. 3, the radio module 12 transmits an EOP cell 

generator 106 i^ CD after three ATM cells CI through C3 are transmitted to 

EOP cell itself is an ATM cell, which has one bit (SDU type) the base staUon 11 

set to 1 in a PT field in a cell header. Accordingly, the base station 11 transfers the received 

When the receiving station 200 receives an ATM ceil, the ATM celts CI, C3 and an EOP cell CD to a node 19 of a 

receive cell management process 204 checks whether it is 40 network 18. 

successfulorinfail(S20).Whenitissuccessful,thepositive Comparing FIG. 4 with FIG. 13 which belongs to a prior 

response ACK is sent to the transmitting station (S21), and art, it should be appreciated that only three ifiTM ^celU CI 

when it is failure, the negative response NAK is sent to the C3 and CD are sent to a node 19 in FIG 4 _ (present 

tr^ncm.-ttino c^tinn f^ITi invention), while seven ATM cells (CI, C3, C4, C5, C6, C7 

transmimng station (S22). , fnrwarH , H 45 and C8) are sent to a node 19 in FIG. 13 (prior art), and that 

An ATM cell which is receive^ successfully is forwarded ^ ^ ^ ^ {q a ^ w are because of 

to a node 19 or a terminal 15 (S23). ^ Qf ^ ^ m .^.^ ha& ^ advantagc that lcss 

FIG. 3 shows an operation of transmission of an ATM cell numbef q[ ajm ^ afe forwarded when an atm cdi in a 

from the transmitting station 100 to the receiving station 200 ket fe - n eno ^ and thus> lhe Uaffic in a con]mui iication 

through a wireless section. It is supposed that a wireless $Q ^ fe decreased 

information channel is provided between the transmitting above embodiment fa directed mal an E0P ce ll is 

staUon 100 and the receiving station 200, and a wireless ^ ^ aU ^ ^ ^ & packct afc discardcdt 

control channel is also provided for transmission of the ^ & modification) as a packet has inher ently an EOP cell 

result of the user information. whjch hag a Wt (SDU type) x{ ioUn . d PT fieId , at me end 

In FIG. 3, it is assumed that each TDMA frame can 5S ofthe packet> it ^ poss ibl e to discard all the cells except the 
transmit three ATM cells, for the sake of simplicity of EOp ceU in a packet ^ but no new EOP cell is generated, 
explanation. It is also assumed that each packet (PDU) has 

8 ATM cells CI through C8, and the second ATM cell C2 is Second Embodiment 

erroneous in a wireless link. In FIG. 3, the change of the FIG. 6 shows a block diagram of another embodiment of 

situation is shown in the horizontal direction from left to 60 the present ATM transmission system. In FIG. 6, the same 

right. numerals as those of FIG. 1 show the same members, and the 

An ATM cell which is to be transmitted from the trans- same operation as that of FIG. 1 is omitted in the following 

mitting station 100 to the receiving station 200 is kept in a description. 

transmit buffer. In the embodiment, 8 ATM cells CI through The feature of the embodiment of FIG. 6 is that a 

C8 are kept in the transmit buffer 102. 65 receiving station 200B can detect an error of reception even 

First, three ATM cells CI through C3 among 8 cells CI when an ATM cell is lost in a Link between a transmitting 

through C8 are transmitted in the first TDMA frame. station 100B and a receiving station 200B. 
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As shown in FIG. 6, a transmit cell process 105B in the and/or the reception of an ATM cell is processed for each 

transmitting station 100B has a sequence number attach 107, logical transmission links LI and 12, Thus, even when ATM 

which attaches an ATM cell in a transmit buffer 102 a cells having the different virtual channels (VPI/VCI) exist, 

sequence number so that a specific ATM cell is identified. the transmitting station 100C can discard a useless ATM cell. 

An ATM cell assigned a sequence number is transmitted * In FIG. 9, a wired link 53 is provided between a terminal 

to a wireless link through a transmitter 103. 15 and a radio module 12. A radio module 12 and a base 

In a receiving station 200B, an ATM cell thus received is station 11 are coupled by a wireless user link 58 and wireless 

applied to a receive buffer 202 through a receiver 201. This control link 59. Further, a base station 11 is coupled wath a 

ATM cell is applied to a receive cell process 204B which ^dc 19 by a wired link 63. 

confirms the safe receipt of the ATM cell, and then, the ATM 10 It is assumed that two virtual channels 51 and 52 are 

cell is provided to an external circuit through an output provided between the terminal 15 and the radio module 12, 

means 203. two virtual channels 54 and 55, and a control link 56 are 

It should be appreciated that the receive cell process 204B provided between the radio module 12 and the base station 

detects not only an error of an ATM cell but also a loss of U, and two virtual channels 61 and 62 are provided between 

. the same in a wireless link. lhe base staUoQ 11 md the node 19 - 

An ATM cell applied to the receive cell process 204B In the virtual channels 51, 54 and 61, the virtual path 

includes an information of sequence number of an ATM cell, identifier VPI is "A" and the virtual channel identifier VCI 

therefore, the receive cell process 204B can confirm the loss is "B", and in the virtual channels 52, 55 and 62, the virtual 

of an ATM cell based upon the sequence of the sequence 20 path identifier VPI is "C\ and the virtual channel identifier 

number. VCI is "D". 

For instance, in FIG. 4, assuming that the ATM cells CI It should be noted that a radio module 12 and a base 

through C8 have sequence numbers 0001, 0002, 0003, 0004, station 11 do not terminate a virtual channel (VF/VC). It is 

0005, 0006, 0007, and 0008, respectively, then, an ATM cell a design matter of an actual system where a virtual channel 

received in the receive cell process 204B in a base station 11 25 ^ terminated. A radio module 12 and/or a base station .11 can 

has the sequence number 0001, 0002, 0003 et al in normal change an identifier (VPI/VCI). 

condition. As shown in FIG. 9, between a radio module 12 and a base 

On the other hand, if the second ATM cell is lost, the third station 11, a wireless user link 58 and a wireless control link 

ATM cell having the sequence number 0003 is detected after 59 for control link 56 are provided, 

the first ATM cell having the sequence number 0001. Thus, 30 The response whether an ATM cell reached correctly or 

the receive cell process 204B confirms the loss of an ATM not, from the receiving station 200C to the transmitting 

cell according to the sequence of the sequence numbers of station 100C is transmitted through the control link 56. Two 

ATM cells reached the receive cell process 200B. pairs of virtual channels 51-54-61, and 52-55-62 are pro- 

The receive cell management process 204B, upon detec- vided between the terminal 15 and the node 19. 

tion of the loss or the error, transmits the response NAK 35 In this embodiment, two kinds of ATM cells, one having 

which indicates the loss or the error to the transmitting a virtual path identifier (VPI) "A" and a virtual channel 

station 100B through the transmitter 205. identifier (VCI) "B", and the other having a virtual path 

As is the case of the first embodiment of FIG. 1, the identifier (VPI) "C" and a virtual channel identifier (VCI) 

transmit cell management process 105B in the transmitting "D" exist simultaneously in wired links 53 and 63 and the 

station 100B refers to the fields PT, VCI and VPI in the cell 40 wireless user link 58. 

header of an ATM cell, handles a plurality of cells which It is assumed that an ATM cell is transmitted from a 

form a packet (CPCS-PDU) as one group. terminal 15 to a node 19, in other words, a radio module is 

Upon recognition of the failure of an ATM cell by the a transmitting station and a base station is. a receiving 

negative response NAK from the receiving station 200B, all station. 

the ATM cells belonging to the group which includes the 4 When an ATM cell which forms a packet is transmitted to 

failed cell are discarded in the transmit buffer 102. a radio module 12 from a terminal 15, the ATM cell is stored 

Then, an EOP cell generated in the EOP cell generator 106 temporarily in a transmit buffer in the radio module 12. The 

is transmitted through the transmit buffer 102 and the radio module 12 handles an ATM cell for each virtual 

transmitter 103. The cell header of the EOP cell has the same 5Q channel, and establishes logical transmission links LI and 

information in the fields VPI and VCI in the cell header as 12 in a user wireless link 58 for each virtual channel 

those of the discarded ATM cell. The bit SDU type in the between the radio module and the base station 11. 

field PT of the EOP cell is set to 1 (one). The base station 11 also handles a receive ATM cell for 

each virtual channel The assignment of sequence number to 

Third Embodiment ^ an ^jjyj ce |j ^ a radio mo dule, the response or confirmation 

FIG. 7 shows a block diagram of still another embodiment of receipt of an ATM cell by a base station, are carried out 

of the present wireless transmission system. The same for each logical wireless links LI and L2, independently, 

numerals as those of the previous embodiments show the As described above, even when a plurality of virtual links 

same members. The operation of FIG. 7 which is not exist in a wireless circuit, a logical transmission link (LI, 

described is the same as that of the previous embodiments. 60 L2) is established for each virtual channel between a radio 

It is assumed in FIG. 7 that a plurality of virtual channels module and a base station, and a sequence number is 

are provided between a terminal 15 and a node 19 as shown processed in each logical transmission link, independently, 

in FIG. 9. In this case, ATM cells having different virtual Thus, it is possible to discard a useless ATM cell, 

channels (VPI/VCI) exist simultaneously in a wireless link. FIG. 7 shows a transmitting station 100C and a receiving 

In this case, logical transmission links LI, L2 are assumed 65 station 200C when two virtual channels exist, and it should 

for each virtual channels between the transmitting station be noted that a transmitting station 100C has two transmit 

100C and the receiving station 200C, and the transmission buffers 102A and 102B. 
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An ATM cell applied to the transmitting station 100C is 
stored either in a transmit buffer 102a or in a transmit buffer 
102B for each virtual channel through an input means 101. 
A pair of transmit buffers 102 A and 102B may be imple- 
mented either by a single physical memory which is divided 
into a plurality of partial areas, or by a plurality of physical 
memories. Receive buffers 202A and 202B may be imple- 
mented similarly. 

The transmit cell management process 105C refers to the 
fields PT, VCI and VPI in an ATM cell header, and processes 
a plurality of ATM cells which form a packet (CPCS-PDU) 
as one group. 

The sequence number attach 107C assigns sequence num- 
ber for confirmation of arrival, and logical wireless link 
identifier which shows logical wireless link to each ATM 
cell, for every logical wireless link. 

An ATM cell which is assigned sequence number and 
logical wireless link identifier is radiated into wireless space 
as a wireless ATM cell through a transmitter 103. The 
wireless ATM cell is received by the receiving station 200C. 

The wireless ATM cell received by the receiving station 
200C is applied either to a receiving buffer 202A or 202B for 
every virtual channel through a receiver 201. 

The receive cell management process 204C in the receiv- 
ing station 200C confirms the sequence number of an ATM 
cell for every logical wireless link, and forwards the positive 
response ACK for a successful ATM cell or the negative 
response NAK for a failed ATM cell through the transmitter 
205. 

The response ACK or NAK is assigned an information 
which logical wireless link it belongs by the receive cell 
process 204C. 

The transmit cell management process 105C in the trans- 
mitting station 100C receives the response ACK/NAK and 
logical wireless link information transmitted by the trans- 
mitter 205 of the receiving station 200C, through the 
receiver 104. 

The transmit cell management process 105C refers to the 
fields PT, VCI and VPI in the ATM cell header, and handles 
plurality of ATM cells which form one packet (CPCS-PDU) 
as one group. 

When the transmit cell management process 105 C detects 
a wrong ATM cell which fails in transmission, all the ATM 
cells in the group which includes the wrong ATM cell, are 
discarded in a transmit buffer 102A or 102B. 

Then, an EOP cell generated by the EOP cell generator 
106C is transmitted through the transmitter 103. The virtual 
path identifier VPI and the virtual channel identifier VCI of 
the EOP cell are the same as those of discarded ATM cells. 
The bit SDU of the field PT in the EOP cell is 1 (one). 

FIG. 10 shows the flow of an ATM cell when ATM cells 
belonging to one of two virtual channels is transmitted. In 
FIG. 10, it is assumed that an ATM cell is transmitted from 
a radio module 12 to a base station 11. In FIG. 10, a first 
virtual channel relating to a logical wireless link LI and a 
second virtual channel relating to a logical wireless link L2 
exist. 

It is assumed that 16 ATM cells C01-C16 are applied to 
the radio module 12, among them, 8 ATM cells C01, C04, 
C06, C07, C12, C13, C15 and C16 are transmitted through 
a first logical transmission link LI, and other 8 ATM cells 
C02, C03, C05, C08, C09, C10, Cll and C14 are transmitted 
through a second logical transmission link L2. 

The 8 ATM cells C01, C04, C06, C07, C12, C13, C15 and 
CI 6 are obtained by segmenting a packet in an ATM 
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adaptation layer (AAL) type 5. Also, other 8 ATM cells C02, 
C03, C05, C08, C09, C10, Cll and C14 are obtained by 
segmenting another packet. 

In the wireless ATM transmission system in FIG. 7, the 
s control of the confirmation of an ATM cell, et al is carried 
out for every logical transmission link, the ATM cells are 
transmitted as shown in FIG. 10. 

If there were no error, the 16 ATM cells C01-C16 would 
be sequentially transmitted from the radio module to the 
10 base station. However, FIG. 10 shows that the second cell 
C04 among 8 cells C01, C04, C06, C07, C12, C13 C15 and 
C16 which are handled by the logical link LI is in error. 

If the error of the ATM cell C4 is recognized after the third 
ATM cell C06 is transmitted in the logical transmission link 
15 LI, the rest of the ATM cells C07, C12, C13, CIS and C16 
in the logical wireless link LI are discarded in the transmit 
buffer 102A, and instead, an EOP cell CD1 is transmitted. 

Other 8 ATM cells C02, C03, COS, C08, C09, C10, Cll 
and C14 handled in the other logical transmission link L2 are 
correctly transmitted with no error, and therefore, all of 
those cells are transmitted to the base station 11. 

Accordingly, it should be appreciated that when there are 
ATM cells belonging to different packets each of which is 
transmitted through an associated virtual channel (VPI/ 
VCI), only untransmitted ATM cells belonging to a packet 
(group) having an ATM cell with an error are discarded. 

Fourth Embodiment 
FIG. 8 is a block diagram of still another embodiment of 
an ATM transmission system according to the present inven- 
tion. 

In FIG. 8, the same numerals as those in the previous 
embodiments show the same members, and the operation 
which is not described in FIG. 8 but described in accordance 
35 with the previous embodiments is the same as those of the 
previous embodiments. 

It is assumed in FIG. 8 that a plurality of virtual channels 
are provided between a terminal 15 and a node 19, as is the 
■ case of the embodiment of FIG. 7. Therefore, a plurality of 
ATM cells having the different virtual path identifier VPI 
and the different virtual channel identifier VCI exist in a 
wireless channel. 

In FIG. 8, a table 108 is provided in a transmit cell 
management process 105 D. The table 108 keeps the rela- 
tions between a sequence number for confirmation of correct 
arrival of an ATM cell, and a group (packet(PDU)) which 
includes the ATM cell of said sequence number. The table 
108 is always updated. 

The transmit cell management process 105 D can identify 
a group (packet) including an ATM cell which fails in 
transmission, by the sequence number of the wrongly 
received or the lost ATM cell from the receiving station 
200D, and the content of the table 108. Therefore, the 
55 transmit cell management process 105D can discard the rest 
of the ATM cells which belong to only a packet to be 
discarded. 

This is described in accordance with FIG. 8. An ATM cell 
applied to a transmitting station 100D is applied to a transmit 

60 buffer 102 through an input means 101. 

The transmit cell management process 105D assigns a 
sequence number for confirming correct arrival to an ATM 
cell stored in the transmit buffer 102. Further, the transmit 
cell management process 105 D refers to the fields PT, VCI 

65 and VPI in the header of an ATM cell, so that a plurality of 
ATM cells belonging to a packet (CPCS-PDU) are handled 
as one group. 
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And, the transmit cell management process 105D writes 
in the table 108 the relations between a group which shows 
a specific packet and a sequence number which belongs to 
said group. 

The ATM cell which is assigned a sequence number is 
transmitted into radio channel as a wireless ATM cell 
through a transmitter 103. 

The receiving station 200D receives the wireless ATM 
cell, and send the same to the receive buffer 202 through the 
receiver 201. When the receive cell management process 
204D confirms that the received cell is correct, the ATM cell 
in the receive buffer 202 is transferred to an external circuit 
through the output means 203. 

The receive cell management process 204D sends the 
response ACK for a successful ATM cell or NAK for a failed 
AIM cell to the transmitting station 100D through the 
transmitter 205. 

The response NAK sent through the transmitter 205 
includes the sequence number of the wrongly received ATM 
cell. 

The transmit cell management process 105D in the trans- 
mitting station 100D receives the response ACK/NAK and 
the sequence number sent by the receiving station 200D, 
through the receiver 104. The transmit cell management 
process 105D, upon detection of wrongly received ATM cell 
by the response NAK, identifies the group which the 
wrongly received ATM cell belongs to, based upon the 
sequence number informed by the receiving station 200D, 
and the data stored in the table 108. 

Then, the transmit cell management process 105D dis- 
cards all the ATM cells in the group which the wrongly 
received ATM cell belongs to, stored in the transmit buffer 
102, 

Then, an EOP cell generated by the EOP cell generator 
106C is transmitted to the receiving station 200D through 
the transmitter 103. The EOP cell has the same data in the 
fileds PT, VPI and VCI as the corresponding data of the 
discarded ATM cell, but the bit SDU in the field PT of the 
EOP cell is 1 (one). 

Effect of the Invention 

As described above in detail, according to the present 
invention, an ATM cell which would be useless in a desti- 
nation terminal equipment is found in a transmitting station, 
and is discarded with no transmission. Thus, the effective 
use of radio resource is obtained, as the transmission of 
useless ATM cell into radio channel is suppressed. Further, 
no useless traffic is applied to a network and/or a terminal. 

Further, the present invention is available when a plurality 
of virtual channels (VP/VC) exist in a wireless circuit. 

As mentioned above in detail, the present invention is 
advantageous when it is used in a wireless transmission 
circuit which has undesired large probability of error, and 
restricted bandwidth. 

Of course, the present invention may be used not only in 
a wireless transmission circuit, but also a wired circuit. 

Further, according to the present invention, when a trans- 
mitting station detects an ATM cell which is to be useless, 
no higher layer is terminated, but only an ATM layer. Thus, 
an apparatus may be small and control of the same is 
simplified. 

As mentioned above in detail, an improved ATM trans- 
mission system has been found. It should be understood of 
course that the embodiments disclosed are merely illustra- 
tive and are not intended to limit the scope of the invention. 



L2.747 Bl 

14 

Reference should be made, therefore, to the appended claims 
to find the scope of the invention. 
What is claimed is: 

1. An ATM transmission system comprising a transmitting 
5 station, a receiving station, a communication channel 

between said stations for transmitting an ATM cell, data 
communication with a protocol data unit (PDU) having a 
packet and a header being carried out by using an ATM 
adaptation layer (AAL) which can recognize an end of 
packet cell (EOP cell) in a PDU by referring to a header in 
said EOP cell, and a plurality of ATM cells which form said 
protocol data unit being continuously applied to said trans- 
mitting station, 
wherein 

said receiving station comprises; 
35 an error detection means for detection whether an ATM 
cell is received correctly or wrongly, 
a cell arrival informing means for informing the trans- 
mitting station the result of said detection, 
said transmitting station comprises; 
20 a transmit buffer for temporarily storing an ATM cell to 
be transmitted, 
a group handling means for handling a plurality of 
ATM cells which form a protocol data unit in a 
common convergence sublayer as one group, 
25 a receiving means of a said cell arrival information 
whether the ATM cell has been received correctly or 
wrongly from an associated receiving station, 
a group data discard means for discarding all the ATM 
cells belonging to the group which includes a 
3 q wrongly received ATM cell stored in said transmit 

buffer, when said receiving means receives the infor- 
mation of a wrongly received ATM cell, 
an end of packet ATM cell (EOP cell) transmitting 
means for transmitting an EOP cell which has a flag 
in a payload type field in an ATM cell header, said 
35 flag indicating that the EOP cell is a final ATM cell 

in the protocol data unit of the group, when said 
group data discard means discards an ATM cell in 
said transmit buffer, 
an ATM cell discard means for discarding an ATM cell 
40 which belongs to the discarded group and which 

arrives discard. 

2. An ATM transmission system according to claim 1, 
wherein said transmitting station further comprises means 
for attaching sequence number to each ATM cell to be 

45 transmitted, and said error detection means in said receiving 
station detects whether a cell is received or lost by checking 
a sequence number of a received ATM cell. 

3. An ATM transmission system according to claim 2, 
wherein 

a communication channel between a transmitting station 
and a receiving station includes a plurality of virtual 
channels, 

each virtual channel transmits ATM cells having different 
5S virtual path identifier and different virtual channel 
identifier, 

a transmitting station and a receiving station establish a 
logical transmission link for each virtual channel of an 
ATM layer, and 
60 said group handling means handles transmission and 
reception of an ATM cell for each established logical 
transmission link independently. 

4. An ATM transmission system according to claim 2, 
wherein 

65 a communication channel between a transmitting station 
and a receiving station includes a plurality of virtual 
channels, 
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each virtual channel transmits ATM cells having different 
virtual path identifier and different virtual channel 
identifier, 

said receiving station comprises a sequence number 
informing means for informing sequence number of an 5 
ATM cell which is lost or wrongly received, to said 
transmitting station, 

said transmitting station comprises a table having rela- 
tions between sequence number of an ATM cell and a 
group which said ATM cell belongs, and a group 
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identify means for identifying a group which a wrongly 
received or lost ATM cell belongs, according to a 
sequence number informed by said receiving means 
and content of said table. 
5. An ATM transmission system according to one of 
claims 1—4, wherein said transmitting station is a wireless 
transmitting station, and said receiving station is a wireless 
receiving station. 

***** 
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